[Abstract] Total internal reflection fluorescence (TIRF) microscopy is a powerful tool for visualizing the dynamics of actin filaments at single-filament resolution in vitro. Thanks to the development of various fluorescent probes, we can easily monitor all kinds of events associated with actin dynamics, including nucleation, elongation, bundling, fragmentation and monomer dissociation. Here we present a detailed protocol regarding the visualization and quantification of actin nucleation and filament elongation events by TIRF microscopy in vitro, which is based on the methods previously reported Yang et al., 2011) .
www.bio-protocol.org/e2146 Usually the concentration of OG-actin is about 5 μM, and unlabeled actin is 1 to 2 μM.
3. OG actin is mixed with unlabeled actin at equal molar ratio and 1/10 volume of 10x ME is subsequently added into the solution and is kept on ice in the dark.
4. NEM-myosin is diluted to 20 nM in HS-TBS and 40 μl of diluted NEM-myosin is injected into the chamber, incubate 5 min at room temperature in the dark.
5. The flow cell is washed with 40 μl HS-BSA, followed by washing with 40 μl LS-BSA immediately, and incubate for 2 min at room temperature in the dark. A small piece of capillary paper is placed on the other side of the chamber by capillarity to help fluid flow out.
6. The flow cell is washed with 40 μl 1x TIRFM buffer. i.
Step 1. Actin monomers at 0.75 μM in 1x TIRFM buffer is injected into the chamber.
After the actin assembly reaction running for about 10 min, it will generate enough amount of actin filament ends to permit the filament elongation in step 2 (step 8b.ii).
Actin filaments are observed under an Olympus IX81 microscope by TIRF illumination.
Images are acquired with the sequential-acquire program, which is paused after 10 min.
The last frame and time point are marked for further analysis.
ii.
Step 2. Equal amount of actin monomers in 1x TIRFM buffer as in step 1 (step 8b.i) is injected into the chamber in the presence or absence of PRFs that are preincubated with actin for 5 min in the dark quickly and gently, in order to keep the position of slide. Normally, the injection can be done in one minute. The sequential-acquire program is then restarted to continue the image acquisition for another 10 min. The PRF-actin complex will add onto the ends of existing filaments to promote further elongation. The image series is saved as a tiff file. The time interval between two observations should be taken into consideration when analyzing image series. See the example in Figure 3 .
Data analysis
The saved time-lapse image series are opened in ImageJ software and the scale bar is set with 6 pixels as 1 μm. To calculate the elongation rates of actin filaments, a thin line along the growth path of a filament covering both ends in a time-lapse movie is initially drawn and a Kymograph is subsequently generated. The slope of the leading edges represents the growth rates (μm/sec). The growth rates at both ends (subunits/sec) are subsequently calculated as subunits/sec by assuming that there are 330 subunits per μm filament (Kuhn and Pollard, 2005) . As shown in Figure 3 , both profilins slow down the elongation rate of single actin filaments at barbed ends, whereas no obvious difference between the effect of PRF4
and PRF5 on filament elongation is observed.
